In the Valsartan Antihypertensive Long-Term Use Evaluation (VALUE) trial, the risk of new-onset diabetes was reported to be 23% lower among patients initiating therapy with valsartan versus amlodipine. The objective of our study was to examine whether this finding is generalizable to 'real-world' clinical practice. A retrospective cohort design and a large US health insurance database were employed for analyses. Study subjects included all hypertensive patients, aged X35 years, who were free from diabetes and who initiated treatment with valsartan (n ¼ 9999) or amlodipine (n ¼ 18 698) between January 1999 and March 2005. Unadjusted absolute risks of diabetes were 21.4 (95% confidence interval (CI) 18.9-24.3) and 26.3 (95% CI 24.3-28.3) per 1000 patientyears for valsartan and amlodipine, respectively; the corresponding relative risk (RR) for valsartan was 0.82 (95% CI 0.70-0.94). Multivariate analyses -controlling for age, sex, presence of hypercholesterolemia, cardiovascular disease and kidney disease, and pretreatment medical care expenditures -yielded similar results (RR ¼ 0.79, 95% CI 0.68-0.92). Our study thus corroborates the finding from VALUE that diabetes risk is lower for patients who receive valsartan versus amlodipine, and extends this finding to a 'real-world' setting.
Introduction
Approximately 65 million Americans, or about one in three adults, suffer from hypertension. 1 In addition to the well-known risks of cardiovascular disease (CVD) conferred by hypertension, persons with this condition also are more likely to develop type II diabetes, which is itself an important independent risk factor for CVD (as well as other diseases). [2] [3] [4] [5] [6] [7] Because the coexistence of hypertension and diabetes has a profound impact on morbidity and mortality, much attention has been focused on strategies aimed at reducing the incidence of diabetes among persons with elevated blood pressure. 3, 7 Recent evidence suggests that the choice of antihypertensive therapy may be one important component of a comprehensive strategy to reduce the risk of diabetes in this patient population. In a systematic review of relevant studies, Padwal et al. 8 concluded that existing data 'suggest that type II diabetes incidence is unchanged or increased by thiazide diuretics and beta-blockers,' and that 'the incidence of type II diabetes appears unchanged or decreased by ACE inhibitors, calcium channel blockers, or angiotensin receptor blockers.' Moreover, a meta-analysis of recent clinical trials of inhibitors of the renin-angiotensin system, including ACE inhibitors and angiotensin-receptor blockers, suggests that such therapy may significantly reduce the risk of new-onset diabetes in hypertensive patients. 9 It should be noted, however, that this analysis did not account for differences across trials in comparators (often placebo).
Recently, the Valsartan Antihypertensive Longterm Use Evaluation (VALUE) trial was the first large randomized trial to compare the risks of diabetes between patients treated with an angiotensin-receptor blocker versus a calcium antagonist, an agent believed to have neutral metabolic effects. 10 In this double-blind clinical trial, 15 245 hypertensive patients at high risk of cardiac events were randomly assigned to treatment with valsartan or amlodipine in a stepped-care regimen that permitted concomitant therapy with hydrochlorothiazide in intermediate steps, and other antihyper-tensives in the final step. New-onset diabetes was a prespecified secondary end point for the subgroup without this condition at baseline. Over a mean follow-up of 4.2 years, 11.5% of valsartan patients and 14.5% of those receiving amlodipine developed new-onset diabetes; the corresponding odds ratio was 0.77 (95% CI: 0.69-0.87) in favor of valsartan.
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Persons participating in clinical trials, however, typically represent a carefully selected subset of patients seen in clinical practice with the condition of interest; in the VALUE trial, the study population consisted of hypertensive patients at particularly high risk of cardiac events. Moreover, medication use in clinical trials often differs from that in the real world. 12 Accordingly, effects reported in clinical trials may differ substantially from those observed in typical clinical practice. We thus undertook an examination of the risk of diabetes among hypertensive patients initiating therapy with valsartan or amlodipine in a real-world setting to explore the generalizability of findings from the VALUE trial.
Materials and methods

Data source
Data were obtained from a large US health insurance database (PharMetrics Patient-Centric Database PharMetrics, Inc., Watertown, MA, USA), and spanned the period from January 1, 1998 to March 31, 2005. The database is comprised of paid facility, professional-service and retail (i.e., outpatient) pharmacy claims from approximately 50 US health plans. These plans provide commercial health maintenance organization, preferred provider organization, Medicare Risk and indemnity products to 15 million persons annually. Approximately 4% of all plan members in the database are aged 65 years or older. Plan members reside throughout the US (Midwest: 35%, Northeast: 18%, South: 33%, West: 14%).
Data available for each facility and professionalservice (i.e., medical) claim include dates and place of service, diagnoses (in International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) format), procedures performed/services rendered (in Health Care Financing Administration Common Procedure Coding System format), quantity of services provided and provider specialty. Data available for each retail pharmacy claim include the drug dispensed (in National Drug Code (NDC) format), the dispensing date, quantity dispensed and number of days of therapy supplied. All medical and pharmacy claims include amounts charged by health-care providers for goods and/or services provided as well as amounts paid (i.e., reimbursed) by the health plan. Demographic and eligibility data for members are also available and include age, sex, geographic region, coverage type and the dates of eligibility for plan benefits.
All patient identifiers in the database have been fully encrypted, and the database is fully compliant with the Health Insurance Portability and Accountability Act of 1996. 13 Since 'y subjects cannot be identified, directly or through identifiers linked to the subjects y' (45 CFR 46 y46.101), institutional review board approval for this study was not sought. 14 
Study population
The study population consisted of hypertensive patients, aged 35 years and older, who were free from diabetes and initiated monotherapy with valsartan or amlodipine between January 1, 1999 and March 31, 2005. Patients were considered to have initiated valsartan or amlodipine therapy if their first prescription for one of these agents was preceded by a 12-month period of continuous medical and drug benefits ('pretreatment period') without evidence of receipt of amlodipine, valsartan, or any other antihypertensive medication, including a-blockers, angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, b-blockers, calcium channel blockers and diuretics.
The presence of hypertension was identified on the basis of one or more medical claims with a corresponding diagnosis code (ICD-9-CM 401-404.9) during the pretreatment period (or on the date of therapy initiation). The presence of diabetes was ascertained during the pretreatment period (or on the date of therapy initiation) based on one or more medical claims with a corresponding diagnosis code (ICD-9-CM 250.x) or one or more prescriptions for an antidiabetic medication. The use of antihypertensive and antidiabetic medications was determined based on pharmacy claims with corresponding NDC codes.
Study outcome Study subjects were followed for new-onset diabetes from the day after therapy initiation through the date of disenrolment from the health plan (due to death or other reasons) or the end of the study database (March 31, 2005), whichever occurred first. An 'intent-to-treat' approach was thus employed in which all subjects were tracked over time for onset of diabetes regardless of contemporaneous events, such as non-compliance with study drugs and changes in antihypertensive therapy (e.g., change in drug dose, addition of hydrochlorothiazide). Onset of diabetes was ascertained on the basis of two or more outpatient diagnoses (X7 days apart), one or more inpatient diagnoses, or one or more prescriptions for an antidiabetic medication. For persons meeting one or more of these criteria, the date of the first such encounter was considered to be the date of disease onset.
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Statistical analyses
Baseline demographic and clinical characteristics of patients in each treatment group were examined, including age, sex, comorbid conditions (i.e., the presence of hypercholesterolemia, CVD and kidney disease), numbers of outpatient encounters and hospitalizations, and total medical care expenditures; duration of therapy with study drug and duration of follow-up were also examined. Age was assessed as of the date of initiation of valsartan or amlodipine therapy, whereas comorbid conditions and measures of utilization and expenditures were assessed during the 12-month pretreatment period. Comorbid conditions were selected for inclusion based on their hypothesized association with the risk of diabetes and the reliability with which they could be identified in the study database. The presence of the comorbid conditions was ascertained on the basis of two or more outpatient diagnoses (X7 days apart), one or more inpatient diagnoses, or one or more prescriptions for pharmacotherapy, as appropriate. Statistical comparisons of patients in the two treatment groups were undertaken using an independent-samples t-test for continuous measures and a w 2 -test for discrete ones. The relative risk (RR) of diabetes per 1000 patientyears for those initiating therapy with valsartan versus amlodipine was estimated along with corresponding 95% CI (based on non-parametric bootstrapping). Kaplan-Meier methods were employed to depict unadjusted (crude) time to the onset of diabetes; a two-sided log-rank statistic was used to compare risks between the treatment groups. A Cox proportional hazards model was used to estimate the RR of diabetes for valsartan versus amlodipine controlling for potential confounders; all patient characteristics noted above were entered into and retained in the model, with the exception of measures of health-care utilization (as they are highly correlated with heath-care expenditures, which was included in the model). Patients who did not develop diabetes prior to the end of followup were censored as of the corresponding date (i.e., date of disenrollment or end of study database). The appropriateness of the proportional hazards assumption for the treatment group variable was assessed by including a time-dependent covariate in the model.
Results
Patient characteristics
A total of 530 072 persons in the study database were aged X35 years and had one or more prescriptions for valsartan (n ¼ 135 324) or amlodipine (n ¼ 394 748) at anytime during the period of observation (Figure 1 ). Of these patients, 28 697 initiated monotherapy with valsartan (n ¼ 9999; 7.4% of total) or amlodipine (n ¼ 18 698; 4.7% of total) during the period of interest were free from diabetes at baseline, and met all other sample selection criteria, and thus were eligible for analyses.
Valsartan patients were 1 year younger, on average, than those receiving amlodipine (51 versus 52 years, Po0.01) and men constituted a higher proportion of the valsartan group (55 versus 51%, Po0.01) ( Table 1) . Although the prevalence of selected comorbidities varied between treatment groups, similar percentages of valsartan and amlodipine patients were free from all of the selected comorbidities (80.1 and 80.8%, respectively, P ¼ 0.16). Most patients in the study population (valsartan: 79%; amlodipine: 68%) initiated treatment with study drug during 2002 or subsequently.
Risk of diabetes
3) per 1000 patient-years, and the corresponding RR was 0.82 (95% CI 0.70-0.94) in favor of valsartan ( Figure 2) . In multivariate analyses, the RR of new-onset diabetes for patients receiving valsartan compared with those receiving amlodipine was 0.79 (95% CI 0.68-0.92) ( Table 2 ). Tests of proportionality suggested that the RR of diabetes with valsartan versus amlodipine was constant over time.
Discussion
The VALUE trial demonstrated that patients with hypertension who received valsartan therapy were at lower risk of new-onset diabetes than those who were treated with amlodipine. The generalizability of this finding to typical clinical practice was unclear, however. The current study extends this result to a real-world setting. Whereas the biological basis for this apparent benefit of valsartan therapy is uncertain at this time, the most likely reason is a favorable effect of valsartan on glucose metabolism due to interference with the renin-angiotensin system (calcium antagonists are generally regarded to be neutral in their effects on glucose metabolism). [15] [16] [17] The risk reductions with valsartan therapy observed in the present study are quite similar to those reported in the VALUE trial, despite some important differences in study designs and study populations. First, we ascertained the onset of diabetes based on diagnoses and prescription medications, whereas in the VALUE trial, ascertainment was based on adverse event reporting, reports of new antidiabetic medication and/or increased fasting blood glucose at study end; the current analysis therefore might have missed cases that would have been detected in a trial setting. This difference might explain, at least Valsartan, amlodipine, and diabetes risk D Weycker et al partially, why the incidence of diabetes in the current study (2-3% annually) was somewhat lower than that in the VALUE trial (3-4% annually) and other studies (B3% annually). 4, 10, 11 Second, subjects in this study were, on average, 15 years younger than those in VALUE. This disparity is undoubtedly due to a difference in the minimum age for study entry (35 years in the current study versus 50 years in VALUE) as well as the fact that our study employed data from private health plans insuring a mostly non-elderly population. Third, patients in the VALUE trial had to be at relatively high risk of cardiovascular events, based on an algorithm that included age, sex, cardiovascular risk factors and pre-existing CVD. There was no such requirement in the present study, as the objective was to focus on a broad population of hypertensive patients in realworld clinical practice. Furthermore, more than 92% of the patients in VALUE had been previously treated for hypertension, whereas subjects in the current study were initiating treatment for hypertension. Fourth, patients in the current study received valsartan or amlodipine as monotherapy, whereas in the VALUE trial, the majority of patients received additional antihypertensive drugs, most commonly diuretics. The potentially confounding effects of concomitant use of other antihypertensive medications at baseline were thus minimized in the current study. (It should be noted that use of other antihypertensive medications following initiation of study drugs was permitted, and a sizable proportion of patients did receive such therapy at some time during follow-up, most notably diuretics (21% in both groups), b-blockers (valsartan patients, 7%; amlodipine patients, 11%) and angiotensin-converting enzyme inhibitors (valsartan patients, 5%; amlodipine patients, 17%); in addition, 6% of valsartan patients received calcium-channel blockers and 8% of amlodipine patients received angiotensin-receptor blockers. However, the confounding effect of the use of other antihypertensive medications during follow-up was probably minimal, as the RR of diabetes with valsartan versus amlodipine was largely unaffected (hazard ratio ¼ 0.81, 95% CI: 0.66-1.01) when patients were censored on the date of change in, or discontinuation of, their therapeutic Figure 1 Selection of study population.
Valsartan, amlodipine, and diabetes risk D Weycker et al regimen. Because neither patients adding valsartan or amlodipine to established regimens nor those switching to these drugs from other antihypertensive agents were included in this study population, the findings cannot be generalized to these groups. Finally, compliance with study drugs was poor -as it typically is in clinical practice for treatments of asymptomatic chronic conditions -resulting in patients having supply of study drug for only about 50% of their follow-up days, on average. To address the possibility that study results may not necessarily be reflective of the effects of study drugs but rather other factors, we undertook additional analyses focusing on subgroups of patients with supply of study drug covering a minimum of 90, 180, 360 and Figure 2 Unadjusted absolute risk of diabetes among hypertensive patients initiating therapy with valsartan or amlodipine. Several additional comments on study design are necessary. First, as noted above, the analysis almost certainly missed some persons who may have developed diabetes following therapy initiation but whose disease was not clinically recognized. Second, whereas we were able to control for differences between treatment groups in observed patient characteristics -such as age, sex and comorbid conditions -in multivariate analyses, it is possible that unobserved characteristics (e.g., blood glucose, family history, body mass index) or significant risk factors that have not as yet been identified in the medical literature were not evenly distributed between the treatment groups, and therefore could have confounded study results. For example, if patients who received amlodipine were more likely to be overweight or obese, to have higher fasting blood glucose levels, or to have clinically recognized diabetes than those receiving valsartan, then the estimates of the RR of diabetes with valsartan would have been downwardly biased. It is highly unlikely, however, that patients who initiate treatment with valsartan would be inherently less likely to develop diabetes versus those beginning treatment with amlodipine, or less likely to have clinically recognized diabetes -especially since these two drugs were not believed to differ in diabetogenic effect before the publication of findings from the VALUE trial in 2004, and since the two treatment groups were quite similar in terms of their observed characteristics. Although many small differences in patient characteristics between the two treatment groups were statistically significant as a result of our large sample size, it is highly doubtful that any of these differences are clinically relevant. Moreover, in analyses focusing on patients receiving valsartan or amlodipine who were free from all comorbid conditions of interest at therapy initiation, the RR of diabetes with valsartan was found to be similar (hazard ratio ¼ 0.76, 95% CI 0.64-0.90) to our 'basecase' estimate. Thus, the effects of confounding due to selection bias or case ascertainment bias are probably limited. Third, we focused attention on patients aged 35 years and older as the prevalence of hypertension -and thus use of valsartan and amlodipine -is relatively low among younger adults, as is diabetes risk. Finally, by employing an 'intent-to-treat perspective', actions during follow-up that may affect diabetes risk, such as non-compliance with study drug and change in antihypertensive therapy, were implicitly disregarded. To the extent that they differed systematically between treatment groups, our comparison of diabetes risk for valsartan and amlodipine may be biased. However, as noted above, results of additional analyses undertaken to address this issue (i.e., analyses that censored patients on the date of change in, or discontinuation of, study therapy, and analyses that focused on patients who received study drug for an extended period of time) were generally consistent with our basecase estimate.
In conclusion, this study confirms findings from the VALUE trial that patients with hypertension who initiate treatment with valsartan are less likely to develop diabetes than those who receive amlodipine. The magnitude of risk reduction is similar in this retrospective cohort study and the prior randomized controlled trial, despite significant differences in study designs and patient populations. Although the precise biological basis for this difference in diabetes risk has not yet been well characterized, the analysis appears to confirm its existence in typical clinical practice.
